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a b s t r a c t
This paper presents a newmathematical model of coupled processes of ﬁltration, deformations of porous
skeleton and mass transfer between solid and liquid phases in sedimentary and igneous rocks. A nu-
merical solution is obtained and processes which can be described by the model are analyzed. Examples
of such processes are: formation of a ﬂuid layer along metamorphism of sedimentary rocks, formation of
a structure and ﬁltration characteristics of the Bazhenov Shale, appearance of intrusive igneous body
(lopolith).
& 2016 Elsevier Ltd. All rights reserved.
1. Introduction
Mechanics of porous media is the theoretical basis for devel-
opment of the mathematical models of ﬁltration in deformable
porous media, which are used for practical needs, such as civil
engineering, petroleum production, and solution of hydro-
geological and hydrological problems.1–3 However, these classical
models cannot be easily applied for example in case of interfacial
mass transfer, when exact mechanisms of chemical reactions stay
unclear. When respective chemical reactions are well-known,
mathematical models and their solutions can be obtained.4 How-
ever, when there is no enough information about reaction kinetics
the direct approach is inapplicable.
Metamorphic dehydration of sedimentary rocks is one of the
examples of such processes. In certain cases metamorphic dehy-
dration can lead to formation of sub-horizontal ﬂuid bodies in the
Earth crust.5 Direct simulation of the process is impossible, since
there is no information about the velocity of the dehydration and
about the formation time of the ﬂuid body.
Genesis of oil deposits in low permeability clay layers is an-
other example of interfacial mass exchange processes. Oil ap-
pears from kerogen as a result of complex process.6 This process
usually occurs in clay layers (source rocks) which contain dis-
persion of organic remains of ancient ﬂora and fauna. Hereafter,
oil in the form of drops or in the molecular form emerges because
of density difference between oil and underground water. Oil
usually ﬂocks in so-called “oil traps”. These traps are dome-
shaped regions with low permeability vault. Considerable
amount of oil stays in the mother rock. Processes which accom-
pany oil formation have signiﬁcant inﬂuence on the structure and
ﬁltrational properties of source rocks. The Bazhenov–Abalak
Formation in the West Siberia can serve as an example of the oil
deposit which was formed in the clayey sedimentary rocks.7 In-
formation about variation of structure and ﬁltration character-
istics of such rocks can be obtained through mathematical si-
mulation. But development of the mathematical model is difﬁcult
because there is no exact information about kinetics of trans-
formation of kerogen into oil in the layer.
Intrusion of magma into rocks is another complex geological
mass exchange process. Transformation of enclosing rocks mate-
rial as well as transformation of components of magma occurs
within this process and speciﬁc structures of igneous rock are
formed. Such processes are also hard to simulate, due to the
complex nature of chemical transformations.
There are different approaches to development of models of
these processes. Hobbs et al.8 proposed a model which is based on
equilibrium and non-equilibrium thermodynamics. In this model
reaction–diffusion system is solved for concentrations of active
components. Our approach uses dilation as a main variable of the
interfacial mass exchange. This method gives an opportunity to
develop mathematical model when rate equation for the chemical
reaction of the process is unknown.
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